The present paper uses panel integration and cointegration tests for a dynamic heterogeneous panel of 17 African countries to examine the impact of financial sector development on private savings. We used three different measures of financial sector development to capture the variety of channels through which financial structure can affect the domestic economy. The empirical results obtained vary considerably among countries in the panel, thus highlighting the importance of using different measures of financial sector development rather than a single indicator. The evidence is rather inconclusive, although in most of the countries in the sample a positive relationship between financial sector development and private savings seems to hold. The empirical analysis also suggests that a change in government savings is offset by an opposite change in private savings in most of the countries in the panel, thus confirming the Ricardian equivalence hypothesis. Liquidity constraints do not seem to play a vital role in most of the African countries in the group, since the relevant coefficient is negative and significant in only a small group of countries.
Introduction
Recent years have witnessed an increasing interest in the role of the financial sector in economic development.
1
In the aftermath of the financial crises of 1997-98, it is becoming increasingly clear that a sound understanding of the interaction between financial structure and domestic and international finance is vital for economic growth and long-term prosperity. Contrary, however, to a vast and increasing literature on financial sector development and growth, little has been written on the important relationship between financial structure and savings mobilisation. The above clearly suggests for further research on this important issue.
3
Quite suprisingly, the significant nexus of financial sector reforms and savings mobilisatiion has not been explored empirically for the African region so far, given the overall low savings rates of many African economies in recent years and the fact that a substantial number of African countries have undertaken a series of financial reforms recently to improve economic performance. 4 Most African countries often lack an appropriate financial sector, which provides incentives for individuals to save and acts as an efficient intermediary to convert these savings into credit for borrowers. The financial liberalisation experience of many African economies in recent years, although towards the right direction in many cases, seems to suggest that changing the financial structure of an economy is a complicated process which assumes a deep understanding of the entire set of interactions between financial 1 See Arestis and Demetriades (1997) for an excellent assessment of the literature.
2 Among the few exemptions are the study by Bandiera, Caprio, Honohan and Schiantarelli (2000) , which, by using data on a selected group developing countries has concluded that financial sector development does not necessarily raise private saving, and Kelly and Mavrotas (2001) , which shows a rather strong positive impact of different financial sector development indicators on private savings in India over the period 1972-97. 3 For a critical review of the relevant literature see Mavrotas and Kelly (2001a) . 4 A recent study on Zambia has shown that financial sector reforms were unable to boost savings due, inter alia, to poor design and inappropriate regulation (Maimbo and Mavrotas, 2001) .
sector reforms and the economy. At the same time, the recent experience of the Asian financial crisis clearly suggests that whilst financial liberalisation may be desirable, the process must be correctly regulated (Stiglitz, 1999; Brownbridge and Kirkpatrick, 1999) .
In view of the above, the present paper contributes to the relevant literature in four important respects:
(i) On the modelling front, we use a new version of the extended life-cycle model of savings behaviour proposed by Modigliani (1990) and extended by Japelli and Pagano (1994) to allow for liquidity constraints; this is now further modified to include various measures of financial sector development as determinants of private savings.
(ii) We focus on a selected group of 17 African countries (purely determined on the basis of data availability) to shed light, on the relationship between financial sector development and savings mobilisation in the African region for the first time in the relevant literature.
(iii) Our database, recently constructed by the World Bank and described in detail in Loayza et al. (1998) , is a clear departure from existing databases on savings by representing the largest macroeconomic data set on saving and related variables; the data has been subject to extensive consistency checks which resulted in a high quality savings data as opposed to the case of conventional data sets which suffer from serious limitations and constraints. Furthermore, we use three different measures of financial sector development to assess the potential differential impact of each measure on private savings behaviour in the above group of African countries.
(iv) Finally, on the econometric front, we employ an innovative panel cointegration approach, never used before in empirical studies of savings behaviour for developing countries, so that reliable evidence is derived. Our econometric methodology, based on recently developed panel cointegration and integration tests, allows, inter alia, for complete heterogeneity in dynamic panel data analysis -an issue that has been neglected in cross-section and panel data studies of savings behaviour of both developing and industrial countries.
5
The rest of the paper is organised as follows: in section 2 we discuss modelling issues and section 3 deals with data issues. Section 4 focuses on the measurement of financial sector development, followed by section 5, which discusses econometric methodology issues and empirical findings. The last section concludes the paper.
The Model
The paper uses the modified life-cycle model of saving behaviour proposed by Modigliani (1990) and extended by Japelli and Pagano (1994) for estimation. This model was used by Sarantis and Stewart (2000) The inclusion of the liquidity constraint variable in the above model reflects the criticism of the extended Modigliani's model (1990) by Japelli and Pagano (1994) as being unable to address issues of liquidity constraints in savings behaviour under conditions of 5 The striking exemption is a recent study by Sarantis and Stewart (2000) which uses panel cointegration tests to derive the long-run determinants of savings in OECD countries.
imperfect capital markets. The rationale in this case is that the easing of liquidity constraints may discourage private savings. The government saving variable in the model captures Ricardian equivalence effects along the lines of Barro (1974) and Feldstein (1982) , who suggest that, under Ricardian equivalence, public debt issues are macroeconomically indistinguishable from tax increases, and thus a change in public saving should be offset by an equal and opposite change in private saving. We also employ gross private disposable income to capture traditional income effects as being more appropriate than using gross national disposable income or GDP, both of which have been used extensively in the past, as we are examining the private saving rate, rather than national or aggregate savings. There are a number of potential determinants of private saving that have not been included in the above specification, such as the rate of interest, and demographic variables such as the dependency ratio. The exclusion of some determinants is unavoidable due to the degrees of freedom available, on account of the short time series availability. The decision regarding which variables to include was based on a trade-off of the hypotheses we wished to test. Some may regard the exclusion of the rate of interest as remiss; however, the ambiguity of the results obtained by other authors in the past (see, for example, Bandiera et al., 2000) led us to exclude this variable. Similarly, the decision to exclude demographic variables was taken because these are generally treated as weakly exogenous, and so are of limited interest to our study.
Data Issues

Measures of Financial Sector Development
Measuring financial sector development is a rather complicated procedure since there are no concrete definitions as to what financial development is. As argued quite rightly by Bandiera et al. (2000) an ideal index of financial sector development should attempt to measure both the various aspects of the deregulatory and the institution-building process in financial sector development. However, measuring the above aspects is a difficult if not impossible task. and efficiency of financial intermediaries and markets. Some selectivity has been exercised in choosing which measures to employ since some are more applicable than others for the particular group of countries we are examining.
A general finding is that central banks lose relative importance as one moves from low to high-income countries, and other financial institutions gain relative importance. Thus a measure of relative size of financial intermediaries is a useful indicator of development. disaggregate total financial assets into central bank assets, deposit money bank assets and other financial institutions assets, and propose 3 measures, each of which presents the respective asset class as a percentage of total financial assets. Given the lack of disaggregated data for some of the countries under consideration, we use a broader measure that measures the relative importance of deposit money banks relative to central banks, a measure that has been used as a measure of financial development by, inter alia, King and Levine (1993 a,b) , and Levine, Loayaza and Beck (1998) . This measure is denoted FSD1.
Absolute size of the financial sector to GDP is a useful measure of financial depth, which represents the level of development of the financial sector. We use a measure of absolute size based on liabilities, as proposed by . This is liquid liabilities to GDP, which equals currency plus demand and interest bearing liabilities of banks and other financial intermediaries divided by GDP. It is the broadest available indicator of financial intermediation, as it includes all three of the financial sectors outlined above.
This measure is denoted FSD2.
The above measures do not distinguish whether the claims of financial intermediaries are on the public sector or the private sector. It is useful to have an indicator that concentrates on claims on the private sector. propose a measure of private credit by deposit money banks and other financial institutions to GDP. This measure isolates credit issued to the private sector, and concentrates on credit issued by intermediaries other than the central bank. This measure has been used by Levine, Loayaza and Beck (1998) and Beck, Levine and Loayaza (1999) . We denote this measure FSD3.
Econometric Methodology and Empirical Findings
This paper employs the most recent panel integration and cointegration tests for a group of 17 African countries to look at the long run determinants of private saving. The countries used in the panel are selected entirely on the basis of data availability. These countries are listed in Appendix 1.
Use of panel unit root and cointegration tests enable one to determine the long run structure of savings in a dynamic setting, avoiding the well known problems involved in using static cointegration testing, and the problems of the sensitivity of cointegration tests to low-powered stationarity tests involved in time series analysis. Most importantly, these innovative panel data techniques allow for heterogeneity in coefficients and dynamics across countries, and allow one to test directly for the existence of long run equilibrium saving functions.
Testing for Stationarity in Panel Data
As with standard cointegration tests it is important to know the stationarity properties of the data to ensure that incorrect inferences are not made. Testing for stationarity in panel data differs somewhat from conducting unit root tests in standard individual time series; these differences will be discussed in what follows.
The simplest panel unit root tests can be attributed to Levin and Lin (1992,1993 values for the components of their tests by using stochastic simulations, and they show that the t-bar statistic converges to a standard normal distribution as the number of countries and the number of observations tends to infinity.
In view of the above, the statistic is calculated as follows:
Where t is the average of the N individual country ADF t-statistics, with lag orders p, and a i and b i are respectively the expected mean and variance of the individual country ADF statistics, t i .
8
The statistic ψ converges to a standard normal distribution as T, N ∼ ∞, so the hypothesis of a unit root can be rejected or not depending on comparing the value obtained to the standard normal critical values. Maddala and Wu (1999) focus on the shortcomings of both the Levin and Lin (1992, 1993) and Im et al. (1997) frameworks. In particular, they focus on the difficulties inherent in the Im et al. tests. These are discussed in Banerjee (1999) ; they include the assumption that the panels are balanced, which is frequently not the case in practice.
Also, in common with Levin and Lin, the critical values are sensitive to the choice of lag lengths in the ADF regressions. Maddala and Wu (1999) proposed a more straightforward, non-parametric unit root test. This is given by:
8 The mean and variance are computed by Im et al. (1997) for different values of T and p by stochastic simulations via 50,000 replications. tests, the evidence that PSAV may be stationary is not a cause for concern.
Testing for Cointegration in Heterogenous Panels
We use the Pedroni (1999) framework to test for cointegration. This formulation allows one to investigate heterogeneous panels, in which heterogeneous slope coefficients, fixed effects and individual specific deterministic trends are permitted. In its most simple form, this consists of taking no cointegration as the null hypothesis and using the residuals derived from the panel analogue of an Engle and Granger (1987) Pedroni (1997) . Under an appropriate standardization, based on the moments of the vector of Brownian motion functionals, these statistics are distributed as standard normal. The standardization is given by: Pedroni (1999) gives critical values for µ and v with and without intercepts and deterministic trends. The small sample size and power properties of all seven tests are discussed in Pedroni (1997) . He finds that size distortions are minor, and power is high for all statistics when the time span is long. For shorter panels, the evidence is more varied. However, in the presence of a conflict in the evidence provided by each of the statistics, Pedroni shows that the group-adf statistic and panel-adf statistic generally perform best.
The results of the Pedroni tests are given in Table 3 . In the case of the system including FSD1 as the measure of financial sector development, the null of no cointegration was rejected by the panel pp statistic, the panel adf statistic and the group adf statistic. It was not rejected by the other test statistics. When FSD2 was substituted for FSD1, the same results were obtained. When FSD3 was used, the null of no cointegration was also rejected by the group pp statistic. Given the above discussion concerning the size distortions and power properties, we can conclude that the evidence indicates the existence of cointegrating relationships.
Of course, while it is interesting to know that there are one or more long run relationships in the non-stationary data, it is of more interest to discover the nature of these relationships. Larsson et al. (1998) seems likely that there will be a long run relationship between PCRED and RGPDI. We impose this relationship in addition to a relationship in which PSAV is normalized: Wald tests indicate that this is reasonable. We do not report details of the cointegrating vector between PCRED and RGPDI as this is not of relevance to the study.
Deriving the Long-run Equations
The next step is to examine the long-run determinants of private saving rates in individual countries. These are obtained from a Johansen cointegration framework 9
, and are given in 9 Sarantis and Stewart (2000) use the Saikkonen (1991) and Stock and Watson (1993) methods, which include leads and lags, in addition to the Johansen method to obtain long run saving equations. Such methods have been shown to be preferable where estimation of a single cointegrating vector is of concern (Maddala and Kim (1998) [ ] Tables 7-9 , for FSD1-3 respectively. On account of the data span limitations discussed above, we are restricted to using one lag, as including more lags leads to determination problems. However, as we are using annual data, this is not unreasonable.
The results, reported in Tables 7-9, seem to suggest a considerable variation among the countries included in the panel in terms of the factors affecting private savings. When the financial sector development indicator FSD1 is used ( Table 7) Table 8 show that when a different financial sector development indicator is used, in this case FSD2, financial sector development has a clear positive impact on private savings in 11 countries in the sample (and significant in 10 of them), thus confirming a priori expectations regarding the role of financial sector in mobilising savings. The use of FSD2 indicator does not seem to affect the conclusions related to Ricardian equivalence. Indeed, in 11 countries in the panel, the parameter is positive and significant (except in one case), suggesting that the Ricardian equivalence hypothesis holds. Furthermore, the easing of liquidity constraints does not seem to discourage private savings in most of the countries included in the sample. Finally, income effects are positive in only 5 countries in the panel. In the case of financial sector development indicator FSD3 employed in the present study (see Table 9 ), the results are again mixed concerning the potential impact of finance on savings.
Financial sector development measured in terms of the activity of financial intermediaries encourages private savings in 10 countries in the panel (though significant in only 6 of them). For the rest the coefficient is negative. There is also substantial variation in the case of government savings variable, given that now the Ricardian equivalence hypothesis holds in only 7 countries. The liquidity constraints effect as hypothesised by Jappelli and Pagano (1994) is rejected in 12 countries and is confirmed in only 5 cases (though significant in 4). Disposable income affects savings in a positive way in only 5 countries, thus casting doubts on the expected positive impact of this variable on private savings for the majority of countries included in the panel.
Concluding Remarks
The present paper used panel integration and cointegration tests for a dynamic Along these lines, strengthening the weak financial systems in the African region seems to be of crucial significance, since advanced financial structures can contribute to longterm prosperity. Improving the overall macroeconomic stability, the regulation and supervision of local banks as well as the regulatory environment for micro-finance institutions seem to be appropriate policy directions along with encouraging the provision of savings facilities to micro, small and medium sized enterprises (Brownbridge and Kirkpatrick, 1999; Maimbo and Mavrotas, 2001 ). 
